Orbitally ordered states evolving coincidentally with structural distortions and magnetic ordering provide a novel route to controlling electronic and magnetic properties of materials through external fields. We report an unprecedented magnetoorbital helix in CaMn 7 O 12 , found to give rise to the largest magnetically induced ferroelectric polarisation measured to date. Characterisation of the structural modulation using x-ray diffraction, and analysis of magnetic exchange shows that orbital order is crucial in stabilising a chiral magnetic structure, thus allowing for electric polarisation. Additionally, the presence of a global structural rotation enables the coupling between this polarisation and magnetic helicity required for multiferrocitiy.
These novel principles open up the possibility of discovering new high-temperature multiferroics.
Orbital ordering phenomena provide one of the most striking manifestations of electronic correlations in a variety of materials, most notably in 3d transition metal oxides [1] . In these systems, below a certain temperature T OO , a distinct anisotropic pattern of orbital occupation emerges from a nearly isotropic high-temperature state. Since this state is strongly connected with both structural distortions (the cooperative Jahn Teller effect) and with magnetism, orbital ordering has been regarded for many years as a promising ingredient to allow the cross-coupling of electric properties. For example, colossal magnetoresistance takes place because an orbitally ordered, insulating and antiferromagnetic state competes with a ferromagnetic isotropic metallic state, and its onset can be controlled by the application of an external magnetic field [2] . Recently, it has been proposed that some charge and orbitally ordered states could be electrically polar, so that orbital ordering could promote high-temperature, magnetically controllable ferroelectricity [3] .
Here, we show that a unique form of incommensurate orbital ordering in the complex manganese oxide CaMn 7 O 12 , appearing below 250 K, is responsible for the largest observed magnetically in-duced ferroelectric polarisation. Unlike all other known systems, orbital occupation in CaMn 7 O 12 does not select fixed preferential directions, but rotates around the 3-fold crystallographic axis, preserving the overall point-group symmetry. The resulting pattern of magnetic exchange interactions produces a magnetic helix having twice the period of the orbital modulation below 90 K. This magnetic texture breaks inversion symmetry and couples to the crystal structure via the relativistic antisymmetric exchange to yield a large electrical polarisation. Figure 1a shows the room temperature crystal structure of CaMn 7 O 12 . It can be described as a perovskite superstructure, with 3/4 of the A sites occupied by Mn 3+ (hereafter labelled Mn1), and the remaining occupied by Ca. A trigonal structure (space group R3) develops on cooling below ∼ 400 K, and is best described by considering the pseudo-cubic B sites, which form three inequivalent triangular layers stacked along the hexagonal c axis (shown in Figure 1a , and coloured green, blue and red throughout this report). Within each layer, 1/4 of the B sites retain 3 symmetry (Mn3, black-outlined circles in Figure 1a ), whereas the other 3/4 have1 symmetry (Mn2). Charge ordering develops gradually on further cooling, with Mn2 and Mn3 tending towards Mn 3+ and Mn 4+ , respectively. An incommensurate structural modulation along the hexagonal c axis appears below T OO =250K, with a propagation vector q c = (0, 0, 2.077±0.001) at 150 K, producing a continuous variation in Mn-O bond lengths [7] .
The magnetic structure below T N = 90 K was determined using neutron powder diffraction (see, for example [5] ), below T N , q c = 2q m . In the present case, the structural modulation is also present in the paramagnetic phase, and the magnetic modulation "locks in" to it as it develops at
We now focus on the incommensurate structural modulation appearing below T OO , and demonstrate that this corresponds to the onset of a novel form of orbital ordering. We performed Rietveld refinement using JANA2006 [6] , of single crystal diffraction data measured at 150 K (Supplementary Section SII). Consistent with previous reports [7] , we found that the modulated crystal structure is described by the centrosymmetric four-dimensional space group R3 (00γ) proposed by Goodenough, which quantifies orbital occupation according to a mixing angle, tanθ
. Following the conventions in [9] , we need only to consider the angular sector 2π/3 ≤ θ ≤ 4π/3 (inset to Figure 2 ). As shown in Fig 2b, the orbital occupation rotates periodically between the 3x 2 − r 2 and 3y 2 − r 2 orbitals, passing through the x 2 − y 2 only at the nodal points. Figure 2c shows the Mn2 charge modulation accompanying the orbital modulation, calculated using the Bond Valence Sum method [10] . Valence fluctuations are surprisingly small
( 1 % -Supplementary Section SIV), indicating that the modulation affects predominantly the orbital occupation.
Although orbital ordering is a widespread phenomenon in manganese oxides [11] [12], an in-commensurate modulation where the orbital occupation rotates perpendicular to the propagation direction is unprecedented. The resulting orbital arrangement has a profound effect on magnetic ordering below T N = 90K. This can be seen by applying the Goodenough-Kanamori-Anderson (GKA) rules [13] [14] [15] [16] , which predict the nature of exchange interactions. In the absence of the structural modulation, the pseudo-perovskite structure is heavily distorted, and antiferromag- 
where ψ = 2/3πq z and φ are the angles between Mn2-Mn2 and Mn3-Mn2 spins in adjacent layers, respectively. Minimising the energy in eq. 1 yields the phase diagram shown in Figure   3c . The wide incommensurate phase field is bound on either side by two distinct commensurate collinear phases, both with q z = 1.5. The white line indicates the range of parameters for which the most stable propagation vector is that determined experimentally. The red dot corresponds precisely to the experimental magnetic structure (φ = 31
• ), and is found for J 2 /J 1 = -0.85 and Since the magnetic structure is globally chiral, these local polarisations add up to give a net electrical polarisation. It is important to stress that such a simple relation between local u and global P vectors is only possible in the presence of a global structural rotation, which is allowed in point group3, as no net polarisation would arise for 180 
